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ackground & Aims: Risk factors for subtypes of esoph-
geal and gastric cancer recently have been identified,
ut their effect on survival is unknown. Methods: Inci-
ent cases (n � 1142) from a population-based case-
ontrol study were followed-up from diagnosis (1993–
995) until 2000. Cox regression models were used to
stimate adjusted hazard ratios (HRs) and 95% confi-
ence intervals (CIs) for esophageal and gastric cancer

n relation to prediagnostic factors. Results: Relative to
istant stage, esophageal adenocarcinoma (EA) pa-
ients with localized disease had a decreased risk for
eath (HR, .22; 95% CI, .15–.31), followed by those
ith regional spread (HR, .32; 95% CI, .23–.45). Sim-

lar patterns were seen for the other tumor types.
xcept for other (non-cardia) gastric adenocarcino-
as (OGA), higher household income (>$15,000/y

s. <$15,000/y) was associated with a 33%–38%
ecrease in risk for death. Prediagnosis body mass

ndex (BMI) between 25 and 29.9 kg/m2 was associ-
ted with longer survival for EA and OGA patients (EA:
R, .67; 95% CI, .51–.88) vs. BMI <25 kg/m2. Women
ith esophageal squamous cell carcinoma (ES) and
GA experienced longer survival compared with men.
ge, education, cigarette smoking, alcohol intake,
astroesophageal reflux disease, and nonsteroidal
nti-inflammatory drug use did not consistently pre-
ict survival. Conclusions: Predictors of lengthened
sophageal and gastric cancer survival included higher

ncome (except in OGA), overweight (among EA and OGA
atients), and female sex (among ES and OGA patients).

orldwide, gastric cancer is the second leading
cause of cancer mortality.1 Gastric cancer inci-

ence is relatively low in the United States, but the
urden is substantial, with 22,700 cases and 11,780

eaths estimated to occur in 2004.2 Esophageal cancer is
ore lethal, with 14,250 cases and 13,300 deaths ex-
ected in 2004.2 Tumor-specific risk factors have been
dentified including cigarette smoking, alcohol con-
umption, high body mass index (BMI), diet, Helicobacter
ylori infection, gastroesophageal reflux disease, and lim-
ted use of nonsteroidal anti-inflammatory drugs.3–8 Pre-
ictors of survival are not well characterized. Prognosis is
oor, with 5-year relative survival rates between 15%
nd 21% for esophageal and gastric tumors, respec-
ively.2 Previous survival studies have focused on gastric
ancer, indicating the importance of stage, grade, surgi-
al treatment, and sex, whereas inconsistent results have
een observed for race, education, and income.9–16 In-
reased BMI and gastroesophageal reflux disease, risk
actors for esophageal and gastric cardia adenocarci-
oma,4,8 have not been studied in relation to survival.
We sought to determine whether prediagnostic demo-

raphic, lifestyle, and anthropometric risk factors have
rognostic significance for any of the tumor types.

Materials and Methods
Study Population

Patients were identified as part of a multicenter, pop-
lation-based, case-control study of esophageal and gastric
ancer. The study details have been described previously.5

ncident invasive cases of esophageal adenocarcinoma (EA),
astric cardia adenocarcinoma, esophageal squamous cell car-
inoma (ES), or other (non-cardia) gastric adenocarcinomas

Abbreviations used in this paper: EA, esophageal adenocarcinoma;
S, esophageal squamous cell carcinoma; OGA, other (non-cardia)
astric adenocarcinomas; HR, hazard ratio; CI, confidence interval;
MI, body mass index.

© 2005 by the American Gastroenterological Association
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OGA), aged 30–79 years, and diagnosed between 1993 and
995, were ascertained using rapid reporting systems in Con-
ecticut, New Jersey, and western Washington state. Final
ase eligibility and tumor type was determined by 2 authors
H.R., A.B.W.) through standardized pathology review. Base-
ine interviews were completed for 80.6% of EA (n � 293) and
astric cardia adenocarcinoma (n � 261) patients, and 74.1%
f ES (n � 221) and OGA (n � 367) patients.

Vital status and date of death were determined through the
ational Death Index, with maximum follow-up of 90 months.

urvival time (in months) was calculated from the date of diag-
osis through the date of death or last follow-up. A failure was
efined as death from any cause during the follow-up period and
atients alive at the end of the follow-up period were censored.
hree patients were excluded from all analyses (2 patients lost to

ollow-up, 1 patient owing to a discrepancy between the date of
iagnosis and death). Follow-up ceased in Washington state in
uly 2000, in New Jersey on September 15, 2000, and in Con-
ecticut on October 28, 2000. All appropriate Institutional Re-
iew Boards approved this study.

Statistical Methods

Kaplan–Meier plots were used to determine univariate
redictors of survival, and Cox proportional hazard regression
nalysis was used to build multivariable models and estimate
azard ratios (HRs; risk for death) and 95% confidence inter-
als (CIs). Separate models were run for each tumor type in
elation to tumor characteristics assessed by medical record
Surveillance, Epidemiology, and End-Results program
http://seer.cancer.gov] summary stage, histologic grade) and
rediagnostic lifestyle/demographic characteristics obtained
rom the respondent (within approximately 3 months of diag-
osis), or a proxy (within approximately 8.5 months of diag-
osis) (usual adult BMI, frequency of gastroesophageal reflux
isease symptoms, and over-the-counter and prescription non-
teroidal anti-inflammatory drug use, household income, edu-
ation, and tobacco and alcohol consumption). All were en-
ered as dichotomous or indicator variables by using similar
ategories as in previous reports5,8 except for BMI, which was
ategorized by using World Health Organization recommen-
ations (overweight, �25 kg/m2; obese, �30 kg/m2).17

Multivariable HR models were constructed by using back-
ard selection, and included variables that statistically signif-

cantly predicted survival or confounded another characteristic
lready present in the model. Referent groups were chosen so
he majority of HR estimates would be less than 1. Results
ere not materially different when excluding proxy respon-
ents (n � 355, 31%) or those with imputed income infor-
ation (10%).
The potential confounding effect of cancer-directed surgery

ithin 4 months of diagnosis as recorded by the Surveillance,
pidemiology, and End-Results program also was evaluated.
n models based only among individuals with complete treat-
ent data (n � 610), adjustment for surgery did not materi-
lly change any estimates. Thus, surgery was not included in c
he models shown. Race (for ES and OGA only) was considered
s a confounder, but did not alter any estimates.

No violations of the proportional hazards assumption were
bserved. Absolute differences in survival were calculated by
omparing modeled (adjusted) median survival times across
trata of covariates, which were evaluated at the reference level
f all other variables in the model. Statistical significance was
oted when the 2-sided P value was � .05.

Results
The majority of patients had regional or distant

isease. Most patients completed high school, but made
ess than $30,000 per year (Table 1). The percentage of
atients alive at the end of 7.5 years of follow-up ranged
rom 12% for ES to 20% for OGA (Table 1). Median
urvival times were 9.6 months (95% CI, 8.4–10.9 mo),
0.7 (95% CI, 8.9–12.6 mo), 12.8 (95% CI, 10.2–15.3
o), and 12.9 (95% CI, 10.6–15.2 mo) for EA, ES,

astric cardia adenocarcinoma, and OGA, respectively.
In unadjusted models for all considered variables (Ta-

le 2), predictors of lengthened survival included low
tage (for all tumor types), increased BMI (in EA and
GA patients), and household income greater than
15,000 per year (except in OGA). Table 3 highlights
mportant predictors remaining after multivariable mod-
ling. For all tumor subtypes, stage was the most im-
ortant predictor of survival, with patients having lower-
taged tumors experiencing a decreased risk for death
elative to distant stage. Adjusted HRs for EA were .22
95% CI, .15–.31) for localized and .32 (95% CI, .23–
45) for regional tumors. Estimates were similar for other
umor types, with decreased risks for death ranging from
0% to 88% for localized tumors, and from 51% to 65%
or regional tumors.

Relative to households making less than $15,000 per
ear, higher income was associated with a 33%–38%
ecreased risk for death, except among OGA patients.
hen income was evaluated using multilevel variables,

ittle variation in survival existed for categories greater
han $15,000 and race did not confound the relationship
results not shown). In addition, women with ES and
GA had longer survival than men, with adjusted HRs

f .57 (95% CI, .39–.83) and .77 (95% CI, .60–1.00),
espectively.

Survival was most favorable in overweight EA and
GA patients (based on usual prediagnosis adult weight)

elative to normal and underweight or obese patients
Table 3). Adjusted HRs for EA were .67 (95% CI,
51–.88) and .78 (95% CI, .55–1.12) for overweight and
bese patients, respectively. Similar results were observed
or overweight OGA patients. Alcohol drinking and

igarette smoking did not confound these relationships.
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lternative categorizations of BMI (quintiles, separating
ormal and underweight patients) yielded essentially
imilar HR values but the confidence intervals were
ider.
The modest HRs reflected a small number of months

f additional survival for these demographic and lifestyle
ariables (results not shown). Stage was the strongest
redictor of absolute survival; patients with localized
isease had a median survival time of 2–7.5 months
onger than those with distant disease. Other variables
ere associated with 1- to 2-month differences in median

urvival.

Discussion
In this multivariable evaluation of survival for

atients diagnosed with a first primary esophageal or
astric cancer, tumor stage at diagnosis, as expected, was

able 1. Distribution (No. [%]) of Baseline Characteristics (at
by Tumor Type in CT, NJ, and Western WA State, 19

Characteristic
EA

(n � 293)
Ga

ge (y)
�50 35 (12.0)
50–59 56 (19.1)
60–69 83 (28.3)
70–80 119 (40.6)

tage
Localized 76 (25.9)
Regional 72 (24.6)
Distant 83 (28.3)
Unknown 62 (21.2)
Missing 0 (--)

umor grade
Well/moderate 120 (41.0)
Poor/undifferentiated 132 (45.1)
Not determined 37 (12.6)
Missing 4 (1.4)

ex
Women 48 (16.4)
Men 245 (83.6)

MI (kg/m2)
�25 105 (35.8)
25–29.9 139 (47.4)
30� 49 (16.7)

ducation
�High school 65 (22.2)
High school� 227 (77.5)
Missing 1 (.3)

ousehold income ($/y)
�15,000 60 (20.5)
15–29,999 87 (29.7)
30–49,999 69 (23.6)
50–74,999 42 (14.3)
75,000� 35 (12.0)

urvival
Alive at end of follow-up period 38 (13.0)
strong predictor of survival after diagnosis. The more b
avorable survival outcome among women rather than
en with ES has been reported, but not in a multivari-

ble analysis.18–20 A male survival deficit has been re-
orted in gastric cancer,10,19 but was limited to OGA in
ur study.

EA and OGA patients with higher BMIs tended to
ave improved prognosis, but the relationship was com-
lex (U-shaped), with overweight patients having longer
urvival compared with lighter and obese patients. Lim-
ted data are available from previous studies, with 1
tudy reporting a greater risk for recurrence of gastric
ancer after surgery among patients with higher BMIs.21

ur findings are noteworthy in view of the strong rela-
ionship between increasing BMI and the risk for devel-
ping esophageal adenocarcinoma,8 as well as mortality
rom esophageal and gastric cancers.22 It is unlikely that
n this study BMI measurement or recall was impacted

rediagnosis) Among Esophageal or Gastric Cancer Patients
1995

cardia adenocarcinoma
(n � 261)

ES
(n � 221)

OGA
(n � 367)

38 (14.6) 18 (8.1) 30 (8.2)
48 (18.4) 32 (14.5) 49 (13.4)
86 (33.0) 90 (40.7) 104 (28.3)
89 (34.1) 81 (36.7) 184 (50.1)

34 (13.0) 50 (22.6) 70 (19.1)
120 (46.0) 82 (37.1) 161 (43.9)
70 (26.8) 40 (18.1) 104 (28.3)
37 (14.2) 49 (22.2) 29 (7.9)
0 (--) 0 (--) 3 (.8)

97 (37.2) 95 (43.0) 101 (27.5)
137 (52.5) 87 (39.4) 214 (58.3)
26 (10.0) 37 (16.7) 42 (11.4)
1 (.4) 2 (.9) 10 (2.7)

38 (14.6) 45 (20.4) 114 (31.1)
223 (85.4) 176 (79.6) 253 (68.9)

103 (39.5) 134 (60.6) 187 (51.0)
112 (42.9) 73 (33.0) 133 (36.2)
46 (17.6) 14 (6.3) 47 (12.8)

56 (21.5) 88 (39.8) 117 (31.9)
204 (78.2) 133 (60.2) 249 (67.9)

1 (.4) 0 (--) 1 (.3)

41 (15.7) 71 (32.1) 87 (23.7)
81 (31.0) 75 (33.9) 115 (31.3)
65 (24.9) 56 (25.3) 100 (27.3)
37 (14.2) 9 (4.1) 45 (12.3)
37 (14.2) 10 (4.5) 20 (5.5)

40 (15.3) 26 (11.8) 75 (20.4)
or P
93–

stric
y disease development because BMI was queried soon
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fter diagnosis and was defined based on usual adult
eight excluding the year before diagnosis. Additionally,
odels were adjusted for stage, limiting the potential for

onfounding by severity of disease.
Low income was associated with shorter survival in

his population, except among OGA patients. Effects of

able 2. Unadjusted HRs and 95% CIs for Demographic and
or Gastric Cancer Cases by Tumor Type in CT, NJ, a

EA (n � 293) GCA

Na HR (95% CI) Na

tage
Distant 83 1 70
Regional 72 .32 (.23–.45) 120
Localized 76 .22 (.16–.32) 34
Unknown 62 .40 (.28–.58) 37

rade
Poor/undifferentiated 132 1 137
Well/moderate 120 .85 (.65–1.11) 97
Unknown 37 1.02 (.69–1.51) 26

ge (y)
�50 35 1 38
50–59 56 .76 (.48–1.20) 48
60–69 83 .99 (.65–1.52) 86
70–80 119 1.01 (.67–1.51) 89

ex
Men 245 1 223
Women 48 .88 (.63–1.23) 38

MI (kg/m2)
�25 104 1 103
25–29.9 139 .65 (.50–.86) 112
30� 49 .84 (.58–1.19) 46

ducation
�High school 65 1 56
High school � 227 .91 (.68–1.22) 204

ncome ($/y)
�15,000 60 1 41
�15,000 233 .72 (.53–.96) 220

eographic center
New Jersey 138 1 113
Connecticut 80 .93 (.69–1.24) 82
Western Washington state 75 .80 (.59–1.09) 66

igarette smoking
Never 63 1 53
Everb 230 .86 (.64–1.16) 208

lcohol drinking
Never 70 1 59
Everc 223 1.08 (.81–1.44) 202

ERD
No 135 1 164
Yesd 158 .80 (.63–1.03) 97

SAID use
Never 190 1 159
Evere 87 .86 (.65–1.13) 98

CA, gastric cardia adenocarcinoma; GERD, gastroesophageal reflux
Numbers may not equal totals owing to missing exposure data.
Defined as �1 cigarette(s)/day for �6 mo.
Defined as �1 alcoholic drink (12 oz. beer, 4 oz. glass of wine, 1 d
Defined as symptoms of GERD (severe heartburn or acid regurgitatio
Defined as �1 tablet(s) of aspirin or non-aspirin NSAIDs per week f
ocioeconomic status on esophageal and gastric cancer t
urvival have been reported in some,15,16,23 but not
ll12,13 studies. The impact of socioeconomic status on
urvival generally is most pronounced for cancers with
elatively good survival,23,24 probably reflecting varia-
ions in access to quality health care. However, we found
n independent effect of income among cancers of rela-

cal Characteristics and Overall Survival Among Esophageal
estern WA State (1993–1995 Through 2000)

261) ES (n � 220) OGA (n � 366)

(95% CI) Na HR (95% CI) Na HR (95% CI)

1 40 1 104 1
(.36–.67) 82 .52 (.35–.77) 161 .37 (.29–.49)
(.12–.34) 49 .41 (.26–.64) 70 .12 (.08–.19)
(.35–.82) 49 .47 (.30–.74) 29 .47 (.29–.74)

1 87 1 214 1
(.62–1.10) 94 1.16 (.85–1.58) 101 .68 (.51–.89)
(.58–1.44) 37 1.40 (.93–2.10) 42 1.29 (.9–1.82)

1 18 1 30 1
(.55–1.41) 32 .66 (.36–1.22) 49 .98 (.58–1.66)
(.68–1.58) 89 .72 (.42–1.22) 104 1.10 (.69–1.76)
(.71–1.63) 81 .97 (.57–1.65) 183 1.08 (.69–1.69)

1 175 1 253 1
(.82–1.69) 45 .61 (.42–.88) 113 .93 (.72–1.19)

1 133 1 184 1
(.67–1.20) 72 .90 (.66–1.22) 132 .68 (.53–.87)
(.67–1.43) 14 1.24 (.70–2.20) 47 .77 (.53–1.11)

1 88 1 117 1
(.68–1.30) 132 .79 (.59–1.05) 248 .96 (.75–1.23)

1 71 1 87 1
(.54–1.10) 149 .74 (.55–.99) 279 .99 (.76–1.30)

1 98 1 171 1
(.66–1.24) 83 .97 (.71–1.32) 116 .88 (.67–1.15)
(.81–1.55) 39 1.15 (.78–1.69) 79 1.06 (.79–1.42)

1 22 1 105 1
(.71–1.38) 198 .99 (.62–1.59) 259 1.02 (.79–1.32)

1 14 1 115 1
(.64–1.18) 206 1.77 (.93–3.35) 249 1.09 (.85–1.40)

1 174 1 232 1
(.56–.98) 46 1.41 (1.00–1.99) 134 .97 (.76–1.23)

1 150 1 257 1
(.67–1.16) 56 .79 (.57–1.11) 101 1.01 (.78–1.31)

ase; NSAID, nonsteroidal anti-inflammatory drug.

ith hard liquor) per month for �6 mo.
least once per week or 2 years of weekly antacid use.
months.
Clini
nd W

(n �

HR

.49

.20

.53

.83

.91

.88
1.04
1.07

1.18

.90

.98

.94

.77

.91
1.12

.99

.87

.74

.88

dise

rink w
n) at
ively poor prognosis, even after adjusting for stage and
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reatment, suggesting factors other than access to med-
cal care may have contributed to the higher risk for
eath. Our study has limited power to detect diagnostic
nd treatment differences, therefore treatment effects
annot be ruled out. Furthermore, lower-income groups
ay be understaged systematically, causing differential
isclassification24 that contributes to the inverse associ-

tion with income; however, the standardized pathology
eview process in our study lessened the likelihood of
otential misclassification.
It is possible that a larger percentage of lower-income

atients may have died from competing, nonmalignant
auses of death.24 This seems unlikely because approxi-
ately 85% of gastric cancer deaths are attributable to

ancer,15 with a higher percentage likely for esophageal
umors, given their lethality. Although a greater number
f comorbid conditions among poorer people could has-
en death regardless of cancer-related characteristics, no
ata were available to address this possibility.
Limitations of our study included the inability to

onsider changes in characteristics after diagnosis, which
ay have affected survival. Treatment and insurance

tatus data were incomplete, limiting our ability to
xamine access-to-care issues fully. Any conclusions re-
arding the impact of these characteristics on survival
hould be tempered by the small absolute effects for most
ariables. Despite decreased HRs for localized stage and
igher income, increases in survival time were, at most,
.5 and 4 months, respectively. Another potential prob-
em was lead-time bias from earlier detection in higher-

able 3. Adjusted HRs and 95% CIs for Demographic and Cli
Gastric Cancer Patients by Tumor Type in CT, NJ, an

EA (n � 292) GCA (n � 2

N HR (95% CI) N HR (

tage
Distant 83 1 70
Regional 71 .32 (.23–.45) 120 .48 (
Localized 76 .22 (.15–.31) 34 .18 (
Unknown 62 .42 (.30–.60) 37 .54 (

ex
Men N/A
Women

MI (kg/m2)
�25 104 1
25–29.9 139 .67 (.51–.88)
30� 49 .78 (.55–1.12)

ncome ($/y)
�15,000 60 1 41
�15,000 232 .64 (.48–.87) 220 .62 (

OTE. Adjusted simultaneously for the other variables included in ea
CA, gastric cardia adenocarcinoma; N/A, not applicable (variable no
ncome patients, but this seems an unlikely explanation
ecause these tumors are not amenable to systematic
opulation-wide screening and the stage distribution did
ot show greater spread among those with lower income.
The strengths of this study include its large popula-

ion-based sample of incident cases, its capacity to ex-
mine histologically confirmed subtypes of esophageal
nd gastric cancer, and the use of interview data to
valuate risk factor data as predictors of survival.

In summary, this cohort study of patients participat-
ng in a case-control study of subtypes of esophageal and
astric cancer revealed that stage is a strong predictor of
urvival, whereas income, sex, and BMI before diagnosis
re moderately predictive of survival. Age, education,
nd other prediagnostic factors including tobacco and
lcohol use, nonsteroidal anti-inflammatory drug use,
nd gastroesophageal reflux disease symptoms were not
redictors of survival. Further investigations into causal
xposures and pathways of tumor onset and progression
ill increase opportunities to uncover more effective

trategies for preventive and therapeutic interventions.
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